interface search motif tetrahedral pair method for the prediction of protein-protein interaction partners (Reyes, V.M., 2015d) , using the double-centroid reduced representation of proteins (Reyes, V.M. & Sheth, V.N., 2011) .
DATASETS AND METHODS:
The main dataset upon which the programs presented in this paper can be applied is the Protein Data Bank (PDB). The PDB is the main international repository for protein 3D structures solved experimentally either by x-ray crystallography or protein NMR (Berman et al., 2000) . To demonstrate the usefulness and efficacy of the procedures described here, the programs were originally applied to the dataset in Laskowski (1996) , composed of 67 globular (roughly spherical) monomeric enzymes with bound ligand(s). The procedure was also applied to a "theoretical" protein made by constructing a 3D grid of points in the shape of a sphere of radius 50 units and with center at the origin, with the points themselves representing protein atoms (Reyes, V.M., 2015a) . We recommend that the present paper be read in conjunction with aforementioned paper in order for the reader to see precisely how the programs presented here are applied.
The minimum requirements in running the Fortran program source codes reported here is a UNIX computing environment and a Fortran 77/90 compiler software as all Fortran program source codes must be compiled before they are run. Source program codes presented in this work were written in either Fortran 77 (Holoien, M.O. & Behforooz, A., 1991; Mayo, W. & Cwiakala, M., 1994; or Fortran 90 Metcalf, M. & Reid, J.K., 1999; and Chapman, S.J., 1997) . In order to apply the procedure in high-throughput batch mode, UNIX C-shell (Powers, S. et al., 2002; Anderson, G. & Anderson, P., 1986; and Birns, P. et al., 1985) as well as Perl (Tisdall, J., 2001; and Berman, J.J., 2007) scripts were written. In some complex cases, the scripts were constructed using text manipulation by sed & awk (Dougherty, D. & Robbins, A., 1997; and Aho et al., 1988) .
RESULTS AND DISCUSSION:
Tabulated below are the Fortran program source codes presented in this paper. The page numbers refer to the pages in the present paper where the program starts. We refer the reader to our previous paper, Reyes, V.M., 2015a, for the implementation and application of these programs. Specifically, please refer to Figures 1A and 1B of said paper. (1996) .
Table of Programs
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Implementation of the Programs on a Theoretical Model Protein.
The concept behind the TS and CP methods are illustrated in Figure 1 using the spherical model protein (a.k.a. theoretical protein). The center of the TS in this case coincides with that of the model protein (grid of points). The ligand or ligand BS is assumed to be at the bottom of the pit representing the ligand binding pocket and where it touches the TS. The CP is shown as the blue line tangent to the TS at the same point. As one goes from the left protein to the right, the LBS depth increases; at the same time, the TS becomes smaller and smaller, and the CP comes nearer and nearer the center of the protein. The TS index (TSi) is defined as the percentage of protein atoms lying inside the TS. The CP index (CPi) is defined as the percentage of protein atoms lying on the external side (the side of the plane opposite the one containing the global centroid (GC). Note that as the LBS goes from shallow to medium to deep (spherical model protein from left to right), the TSi decreases and the CPi increases. But that is only half of the story. When the LBS is deep enough that the GC actually lies on the CP, the behavior of the TSi and the CPi actually reverses as the LBS continues to get deeper.
The four curves in Figure 2 shows the behavior of TSi and CPi (in two different scenarios: 2x2 = 4 curves) versus distance of LBS along the z-axis for the spherical model protein.
In the first scenario, the blue and red curves show the behavior of TSi and CPi, respectively, as the global centroid (GC) goes incrementally from the LBS opening, the 'north pole' at (0,0,50), to the opposite pole, the 'south pole' at (0,0,-50). As expected the TSi (blue curve) starts at 100%, decreases, then reaches 0% at the global centroid (GC, the centroid of the sphere, at which the TS is just a point), then increases again, and reaches 100% when the LC reaches the opposite pole. The CPi (red curve) on the other hand starts at 0%, increases, then reaches a maximum of 50% when the LC coincides with the GC at the center of the spherical protein.
In the second scenario, we assume that the LBS opening is unknown, as this is usually the case with real protein structures (or known but not considered, because it does not lend itself to automation). The green and maroon curves corresponding to the TSi and CPi, respectively, show how they behave in the second scenario. This essentially is simply the left half of the blue+red curve but with twice the number of data points. This is due to the fact that the right half of the blue+red curve had simply "folded into" its left half due to the ambiguity in the direction of where the LBS opening is located relative to the LC.
Implementation of the Programs on Real Proteins.
We then tried to implement our procedure to real proteins, which, of course, are not perfectly spherical as the model protein we described above. Table 1 shows the identities of the six proteins, A-F, from the 67 proteins in the Laskowski et al. dataset (1996) Table 2 shows the results upon implementation of the TS and CP methods on the above proteins as to their respective LBS burial depths. Note that three submethods, namely ligand ("lig"), residue ("res") and sidechain ("sdc"), were employed in each TSi and CPi determination. The difference between these three submethods are described in detail in the accompanying paper (Reyes, V.M. 2015a), suffice it to say that they are all used for the calculation of the LC coordinates. For rigor and reliability, values are reported only if all three submethods agree in their LBS burial depth prediction as to "shallow," "medium," or "deep." Also, note that the LBS depths were evaluated for each of the ligands in the six proteins, i.e., if a protein has n bound ligands, the LBS depths of each of the n ligands were calculated. In this small dataset, n = 1, 3, 1, 5, 2 and 7 for proteins A, B, C, D, E and F, respectively. 
Conclusion
In conclusion, we conclude that the six FORTRAN program source codes presented in this paper do perform their expected functions successfully. We also conclude that both the TS and CP methods are effective and robust. Our objective for the foreseeable future is to apply the procedures described in this and the companion paper (Reyes, V. M., 2015a) in large-scale, especially to all receptor proteins known to bind specific ligands and whose structures have been experimentally solved or computationally predicted.
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This work was supported by an Institutional Research and Academic Career Development Award to the author, NIGMS/NIH grant number GM 68524. The author wishes to acknowledge the San Diego Supercomputer Center, the UCSD Academic Computing Services, and the UCSD Biomedical Library, for the help and support c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c On The plots on the left panel in Figure 2 refer to the theoretical (a.k.a. model) protein shown schematically on the right. The model protein is a three-dimensional grid of points that collectively form a sphere with center at (0,0,0,) and radius 50 units, and separated by equal distances of 1.5 units along the x-, y-and z-directions. The LBS opening is designated to be at the "north pole" of the sphere, i.e., at (0,0,50). The horizontal axis of the plot in the left panel represent the distance from the LBS along the z-axis, and the vertical axis represent percentages of protein atoms that are either inside the TS (blue curve) or cut off (intercepted, or on the external side of) by the CP (red curve). If the LBS opening (from which the ligand 'enters' the protein LBS) is not considered (as in real cases, since this information is usually unknown, or unamenable to batch-mode computation) only the left half of the blue+red curves will be displayed, but with double the number of data points (because the right half of the blue+red curves would have "folded into" the left half. These are the green curve and maroon curves, for the TS and CP methods, respectively. Table 2 identifies the six test proteins we used in this mini-study to test the efficacy of the TS and CP methods in quantifying the depth of burial of the ligand or ligand binding site in a receptor protein. The abbreviations in the second column refer to those in our main paper regarding this procedure (Reyes, V.M., 2015a) , where these six proteins were part of the 67 test proteins taken from the dataset of Laskowski et al., 1996 . Their PDB IDs are shown in the third column; note that the number of bound ligands vary among the proteins; please refer to the PDB website (www.rcsb.org) for more details about these structures. Table 2 shows the results of the application of the TSM and CPM on the six test proteins picked out at random from the 67 proteins in the dataset of Laskowski et al., 1996 . For those structures with more than one bound ligand, the TSM and CPM had to be performed for each bound ligand, e.g., three times for protein B, five times for protein D, twice for protein E and seven times for protein F. The three TS indices using three methods of implementing the TSM (lig = ligand method; res = residue method; sdc = sidechain method) are shown in columns three, four and five. The three CP indices using three methods of implementing the CPM (lig, res, sdc) are shown in columns six, seven and eight. The conclusions based on the TS and CP indices are shown in column nine.
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